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(54) Optical filter device and method of manufacturing the same 



(57) A filtering assembly includes a first substrate 
piece and a second substrate piece combined together 
with their dielectric band-pass filter-film adhered to each 
other in a face-to-face manner. A corresponding method 
for making the same includes following steps: (1) pro- 
viding a raw substrate having at least a twice dimension 
of final assembly; (2) coating a designated dielectric 



band-pass filter-film on one side of said raw substrate; 
(3) dividing said coated substrate into two semi-finished 
substrate pieces with said filter-film thereon; (4) com- 
bining these two semi-finished substrate pieces togeth- 
er wherein said filter-film of one piece is directly adhered 
to that of another piece by a thin adhesive optical cou- 
pling layer, so that the filtering assembly has said filter- 
ing means sandwiched between said two substrates. 
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Description 

RAr.KGROUN " OF THF INVENTION 
i FiBiri of The invention 

[0001] The invention relates to an optical band-pass 
filter device lor use with the light, and particularly to the 
filter assembly and the method making the same. 

2. The Related Art 

[0002] Generally speaking, the common light occu- 
pies a wide band on its corresponding optical wave- 
length range. Oppositely, in the optical field, a light hav- 
ing very narrow range wavelength in a pulse-like or a 
specific manner is desired due to its capability of con- 
trolling and expectation. Therefore, an optical band- 
pass filter device is used to narrow the range of the 
wavelength of a designated light for achievement of an 
output light having a pulse-like character with the rela- 
tion between its wavelength and intensity. Such charac- 
terized light has substantially a useful characteristic to 
be applied to many matters such as testing or transmis- 
sion in the optical industry. 

[0003] As well known, one type of optical band-pass 
filter is the dielectric-coating cavity filter (including sin- 
gle-cavity and multiple-cavity filter) which is a Fabry- 
Perot interferometer made withthin films. The cavity lay- 
er namely the cavity, is a spacer layer which has an op- 
tical thickness equal to one half (or an integral multiple 
of one half) the wavelength of the light to be transmitted 
by the filter. The cavity layer is sandwiched between two 
reflecting quarter-wave stacks which are made up of al- 
ternating high and low index layers, each layer hav.ng 
an optical thickness of one fourth of the passband center 
wavelength. The typical single-cavity filter in the prior 
art is constructed by coating successively on a substrate 
a filter-film composed of filter-layers with alternat.ng 
high and low refraction index as in the following form. 



or 



(substrate) (HL) n (2H) m (LH) r 



(substrate) (LH)"(2L) m (HL) n 



wherein H refers to a layer of high index material such 
as TiOo, having an optical thickness of one quarter 
wavelength; and L refers to a layer of low index material 
such as Si0 2 , having an optical thickness of one quarter 
wavelength. The n and m are integrals indicating the re- 
peated times for the structure in the corresponding pa- 
rentheses respectively. 

[0004] The multiple-cavity f ilter in the prior art is man- 
ufactured by successively coating on a substrate a mul- 



tiple-cavity filter-film of alternating high and low index 
layers The multiple-cavity filter-film is composed of sev- 
eral single-cavity filter-films with a coupling layer be- 
tween every adjacent two single-cavity filter-films. The 
s coupling layer typically has an optical thickness of one 
fourth of the passband center wavelenglh plus integrals 
of quarter center wavelength. It should be pointed out 
that the multiple-cavity filter is composed by several sin- 
gle-cavity or sub-multiple-cavity filters optically coupled 
10 together by the coupling layers, and the shape factor o1 
such a multiple-cavity filter has large difference from that 
of the composing filters. The shape factor is defined as 
AX0 01/M0.5, whereAX0.5 is the bandwidth at 0,5 max- 
imum andAX0.01 is the bandwidth at 0.01 maximum. 
75 The shape factors of single, double-, triple- and quad- 
ruple-cavity filter typically are 11, 3.5, 2.0 and 1.5. An 
equivalent filter composed by cascading several optical- 
ly decoupled single or sub-multiple-cavity filters has its 
shaped factor approximately equal to the composing f il- 
20 ers Thus there are important differences between these 
two kinds of filters, and this invention relates to a multi- 
ple-cavity optical band-pass filter composed by several 
single-cavity or sub-multiple-cavity filters optically cou- 
pled together by the coupling layers. 
25 [0005] The performance of a multiple-cavity dielec- 
tric-coating band-pass filter strongly depends on its cav- 
ity number. In most applications, the more cavity number 
there is, the betterthe performance of the multiple-cavity 
filter, including higher stop band rejection, more flat- 
30 tened passband and faster roll-off speed, as shown in 
FIGS. 1(A) and 1(B) wherein X represents the wave- 
length and I represents the intensity. 
[0006] in fact, to attain a sufficiently reliable output 
light in certain conditions, there are nearly one hundred 
as filter-layers with alternating high and low retraction in- 
dex to be successively coated on the substrate to form 
a multiple-cavity filter-film for a filtering purpose. Be- 
cause the filter-layers are coated unto the substrate one 
by one it takes time and costs money to implement the 
40 wholecomplete multiple-cavityfilterassembly. Addition- 
ally any defective filter layer may cause the whole final 
assembly impractical, thus resulting in a tough require- 
ment of precision and the related environment dunng 
the coating process. It is appreciated that for a nearly 
45 one hundred filter-layers assembly, significant time and 
labor are required for fabrication. In conclusion, direct 
multiple-cavity coating technique is very difficult in man- 
ufacturing. 

[0007] It is also known that the existing multiple-cavity 
so filter device includes a substrate 100 having a filter-film 
102 composed of a plurality of filter-layers coated suc- 
cessively on the first side thereof as shown in FIG. 2, 
and also generally optionally having one anti-reflective 
film coated on the second side of the substrate. Based 
55 on this structure, the commonly light coming from the 
first side can be filtered through such multiple-cavity fil- 
ter and reach the second side to be used as a useful 
light source for the corresponding optical testing or 
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transmission equipment. It should be understood that 
generally speaking, the filter-layers should be closely 
stacked with one another without any significant dis- 
tance between every two adjacent layers, and thus this 
is the reason why such multiple-cavity filter-layers are 
only applied to one side of the substrate rather than to 
both sides of the substrate. 

[0008] Because it is difficult to fabricate the multiple- 
cavity filter with large cavity numbers as mentioned be- 
fore, an object of the invention is to provide a new struc- 
ture of the multiple-cavity filter device and the corre- 
sponding new method for making the same, whereby 
the manufacturing time and cost can be significantly re- 
duced. 

SUMMARY OF THE INVENTION 

[0009] According to an aspect of the invention, a pre- 
ferred method for making a multiple-cavity filter assem- 
bly includes following steps (1 ) preparing a double sized 
substrate; (2) coating a multiple-cavity filter-film with on- 
ly half number of designated cavities on one side of the 
substrate; (3) cutting the coating finished substrate into 
two pieces; and (4) combining such two similar pieces 
together under the condition that the coated filter-film of 
one piece tightly abut against (or optically adhered to) 
those of the other piece in a face-to-face manner. There- 
fore, the final multiple-cavity filter assembly includes a 
first substrate section and a second substrate section 
with a total required number of filter-layers generally 
sandwiched therebetween. The structure difference be- 
tween the prior art device and the preferred assembly 
is that the middle coupling-layer in the prior art device 
is replaced by a thin layer of optical adhesives or mate- 
rials having an optical thickness approximately equal to 
one fourth (or plus an additional integral multiple of one 
half) of the passband center wavelength. The procedure 
to manufacture the preferred assembly and the corre- 
sponding product significantly decreases time and labor 
required in the prior art, and simplifies the complicate 
coating process for the multiple-cavity filter manufactur- 
ing. On the other hand, the defect ratio of the product 
can be lowered because of the strict symmetry in the 
preferred method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 (A) is a diagram to show the typical 
transmission property of a single-cavity dielectric multi- 
layer optical filter. 

[0011] FIG. 1(B) is a diagram to show the typical trans- 
mission property of a double-cavity dielectric multilayer 
optical filter which has a square top in the pass band 
wavelength range. 

[0012] FIG. 2 is a cross-sectional view of a prior art 
multiple-cavity optical band-pass filter device. 
[0013] FIG. 3 is a cross -sect ion a I view of a presently 
preferred embodiment of a multiple-cavity optical band- 
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pass filter device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

£ 

[0014] References will now be in detail to the pre- 
ferred embodiments of the invention. While the present 
invention has been described in with reference to the 
specific embodiments, the description is illustrative of 

10 the invention and is not to be construed as limiting the 
invention. Various modifications to the present invention 
can be made to the preferred embodiments by those 
skilled in the art without departing from the true spirit 
and scope of the invention. 

15 [0015] It will be noted here that for a better under- 
standing, most of like components are designated by 
like reference numerals throughout the various figures 
in the embodiments. The invention includes a new fitter 
assembly and the method of making the same. The 

20 method includes the steps as follows. First, a raw sub- 
strate 10 is provided which has a double size than the 
designated one. Successively, a multiple-cavity filter- 
film 1 4 with only half number of designated cavities, and 
composed by a plurality of filter-layers with alternating 

2S high and low refraction index are, one by one, coated 
unto one side surface 12 of the substrate 10. The sub- 
strate 1 0 with the coated filter-film 1 4 is cut into two sim- 
ilar pieces 10', 10 - each including a substrate body 11 
and the corresponding filter-film 1 4, and these two piec- 

30 es 1 0' and 1 0" are side by side tightly combined together 
as a final filter assembly 20 wherein the filter-film 14 of 
the piece 10' abuts against (or adheres to)the filter-film 
14 of the piece 10' in a face-to-face manner with a thin 
adhesive optical coupling layer 16 therebetween. 

35 [0016] Therefore, the un-filtered common light may 
enter the filter assembly 20 from the second side surface 
18 of the piece 10' and penetrate the piece 10* to the 
first side surface 12 thereof. The light further penetrates 
the filter-film 1 4 coated on thejirst side surface 1 2 of the 

40 piece 1 0' and then a thin coupling layer 1 6 of optical ad- 
hesives or materials having an optical thickness sub- 
stantially equivalent to one fourth (or plus an additional 
integral multiple of one half) of the passband center 
wavelength. The light further propagates through the fil- 

45 ter-f ilm 1 4 coated on the first side surface 1 2 of the other 
piece 10' aside, and successively passes through the 
substrate body 11 of the piece 10' to reach the second 
side surface IB of the piece 10' and be adapted to be a 
desired light source for the associated testing or trans- 

so mission equipment Understandably, the light, which 
comes from the second side surface 1 8 of the piece 1 0', 
passes the substrate bodies 11 of the pieces 10\ 10", 
and reach the second side surface 18 of the piece 10°, 
also performs the same filtered effect as well. 

55 [0017] It can be noted that the light which penetrates 
the filter assembly 20 substantially passes through the 
filter-film 14 of the first piece 10', the filter-film 14 of the 
second piece 10', and the coupling layer 16 therebe- 
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tween, so that the input light is substantially affected by 
such group of filter-films 15. Because the total structure 
of the filter-layers in the final filter assembly 20 is the 
equivalent of that o1 designated multiple-cavity band- 
pass fitter, so that the group of filter-film 15 of the whole 
assembly 20 is actually the designated multiple -cavity 
film as the predetermined required one. Therefore, the 
group of filter-films 15 of the assembly 20 functionally 
owns the same property/result as those in the prior arts, 
and the input light can enter from the second side sur- 
face 18 of the first piece 10', go through the filter assem- 
bly 20 and be filtered by the group of filter-films 1 5 sand- 
wiched between two substrate bodies 11 of the pieces 
1 0' and 1 0" of the filter assembly 20. The property of the 
output light on the second side surface 1 8 of the second 
piece 10" which is opposite to the second side surface 
16 of the first piece 10', can be formed to be the one as 
desired. 

[0018] It can be contemplated that an anti-reflection 
layer, i.e., an AR coating, may be optionally applied unto 
the second side surface 18 of the piece 10', 10" as im- 
plemented in the prior art, for achievement of a better 
stable performance of the filtering result. 
[0019] In conclusion, the invention provides a new 
method for manufacturing a filter assembly which has a 
new structure thereof, whereby the manufacturing time 
and labor can be efficiently saved, and the defectives 
ratio can be decreased. In summary, complexity and dif- 
ficulty of making the subject filter device can be lower 
than those in the prior art. 

[0020] It can be noted that in the present embodiment, 
a new structure of the assembly is provided with the fil- 
ter-film 14 directly coupled with each other by a thin cou- 
pling layer 16 of optical adhesive or material. In other 
words, in the current practice, the filter-film 14 should 
be closely or tightly one with another applied thereunto 
for lorming as a unitary unit for efficiently and reliably 
filtering the undesired range of the light wavelength. 
This is the reason why in the present embodiment, the 
two half pieces 10' and 10" have to be closely face-to- 
face combined together with their filter-film 14. It may 
be expected that anyhow, one of the spirit of the inven- 
tion is to provide a larger dimensioned raw substrate 
adapted to be coated on one side surface with a multi- 
ple-cavity filter-film 14 having only half number of des- 
ignated cavities, and successively to be divided into 
more than one similar pieces wherein two of such pieces 
are arranged in a closely side by side combined manner 
to form a final assembly unit, whereby the whole assem- 
bly of the filter-film 14 through the coupling layer 16 is 
functionally the same as the designated multiple-cavity 
filter-film commonly and successively one another coat- 
ed on one side surface of one substrate shown in the 
prior art. It can be noted in this embodiment, the coated 
substrates are cut into the piece with the desired dimen- 
sion, and then two of such pieces are face to face fas- 
tened to each other on their coated sides for finalizing 
the final assembly. Alternately, the steps of the fabrica- 



tion procedure may change their order wherein the ad- 
hesive combination of two opposite pieces may be im- 
plemented before such pieces have been cut to be their 
final dimension. Furthermore, in an arrangement of 
£ mass production, a plurality o1 different substrates are 
provided with multiple-cavity filter-film coated thereon, 
respectively, and then any two of them are selected to 
be face to face combined together under the condition 
that (1) the multiple-cavity filter-film of the first substrate 
io and those of the second substrate should face to face 
directly abut against with each other whereby the total 
multiple-cavity filter-film of both the substrates are sub- 
stantially sandwiched between the first substrate body 
and the second substrate body with a thin adhesive op- 
75 tical coupling layer therebetween; (2) the total assembly 
of the filter-films of these selected two substrates are 
functionally the same as a filter-film in the prior art with 
cavity number equal to the sum of those of the compos- 
ite filter-film. 

20 [0021] It is also noted that in this embodiment, an air 
gap may exist between the opposite piece 10' and 10" 
instead of adhesives or materials to form the coupling 
layer. In this embodiment, two pieces 10' and 10" can 
be adhered to each other by glue or other materials 30 
25 on the edge portions. 

[0022] It should be noted that the filter assembly of 
the invention can be used with DWDM (Dense Wave- 
length Division Multiplexing) for either Multiplexer or De- 
multiplexer. 

30 [0023] In conclusion, the spirit of the invention relates 
to a device consolidating a first substrate with N cavity 
filter-film on one side thereof and a second substrate 
with M (wherein M may be equal to or different from N) 
cavity filter-film on one side thereof under the condition 
35 that the filter-film of the first substrate face to face is ad- 
hered with those of the second substrate by a thin ad- 
hesive optical coupling layer, whereby the whole fitter 
assembly functions as with N + M cavity filter-film. 
[0024] While the present invention has been de- 
40 scribed with reference to specific embodiments, the de- 
scription is illustrative of the invention and is not to be 
construed as limiting the invention. Various modifica- 
tions to the present invention can be made to the pre- 
ferred embodiments by those skilled in the art without 
45 departing from the true spirit and scope of the invention 
as defined by the appended claims. 
[0025] Therefore, person of ordinary skill in this field 
are to understand that all such equivalent structures are 
to be included within the scope of the following claims. 

so 



Claims 

1 . A method of making a filtering assembly, the steps 
55 comprising: 

providing a raw substrate having at least a twice 
dimension of a final assembly; 
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coating a designated filtering means on one 
side of said raw substrate : wherein the filtering 
means comprises a successively coated multi- 
ple-cavity dielectric optical band-pass filter-film 
with only half number of designated cavities 
therein. 

dividing said coated substrate into two semi-fin- 
ished substrate pieces each including a re- 
quired dimensioned substrate body with said fil- 
tering means thereon; 

combining these two semi-finished substrate 
pieces together wherein said filtering means of 
one piece is directly adhered to that of another 
piece so that the filtering assembly has said fil- 
tering means sandwiched between said two 
substrates by a thin optical coupling layer. 

The method as defined in claim 1 , wherein said thin 
optical coupling layer is air or adhesive material. 

A filtering assembly including a first substrate piece 
and a second substrate piece combined together 
with their filtering means directly adhered to each 
other in a face-to-face manner by a thin optical cou- 
pling layer therebetween, wherein the substrate 
pieces comprise: 

a substrate with filtering means coated on one 
side, wherein the filtering means comprise a suc- 
cessively coated multiple-cavity dielectric optical 
band-pass filter-film having at least one cavity 
therein. 
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terial. 

7. An arrangement of a filter assembly, comprising: 

a first substrate piece with a first filtering means 
on one side thereof, wherein the first filtering 
means comprises a successively coated multi- 
ple-cavity dielectric optical band-pass filter-film 
having at least one cavity therein; 
a second substrate piece with a second filtering 
means on one side thereof, wherein the second 
filtering means comprises a successively coat- 
ed multiple-cavity dielectric optical band-pass 
filter-film having at least one cavity therein; 
said first substrate piece and said second sub- 
strate piece tightly consolidated with each other 
under the condition that the filtering means of 
the first substrate piece is adhered to those of 
the second substrate piece in a face-to-face 
manner by a thin optical coupling layer there- 
between. 

8. The arrangement as defined in claim 7, wherein 
said thin optical coupling layer is air or adhesive ma- 
terial. 



4. The assembly as defined in claim 3, wherein said 
thin optical coupling layer is air or adhesive materi- 
al. 



35 



5. An arrangement of making a filtering assembly, 
comprising the following steps: 

providing a larger raw substrate having a di- 
mension times of that of final substrate assem- 
bly; 

coating a designated filtering means on one 
side of said raw substrate, wherein the filtering 
means comprises a successively coated multi- 
ple-cavity dielectric optical band-pass filter-film 
with half number of designated cavities therein, 
dividing said coated raw substrate into a plural- 
ity ol substrate pieces each having a dimension 
as that of final assembly; and 
tightly consolidate two of said plural substrate 
pieces together under the condition that their 
filtering means abut against each other in a 
face-to-face manner by a thin optical coupling 
layer. 
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6. The arrangement as defined in claim 5, wherein 
said thin optical coupling layer is air or adhesive ma- 



5 



BNSDCCID: <EP 0915352A2J_> 



EP0 915 352 A2 




ISIS IM ^3 1-^ 



TypicaJ transmission property of a riouble-ca*ny multilayer dielectric Slter 



FIG IB 



6 



BNSDOCID- <EP 



0915352A2 I > 



EP*(mr352rA2r 



"102 



TOO 



PRIOR ART 
FIG 2 



20 



14 — 



11 



3Q 




FIG 3 



BNSDOCID: <EP 0915352A2J_> 



7 



